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ELECTROOPTICAL DEVICE, METHOD OF MANUFACTURING SAME, AND 

ELECTRONIC APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The present invention relates to a technical field of electro-optical devices, 
such as an active matrix driven liquid crystal device, an electrophoresis apparatus like an 
electronic paper, and an EL (Electro-Luminescence) display, and a method of manufacturing 
the same. The invention also relates to a technical field of an electronic apparatus including 
such an electro-optical device. 

2. Description of Related Art 

[0002] Conventionally, an electro-optical device capable of so-called active matrix 
driven has been known. The active matrix driven electro-optical device includes, on a 
substrate, pixel electrodes arranged in a matrix, thin film transistors (TFT) connected to each 
of pixel electrodes, and also includes data lines and scanning lines that are connected to each 
of TFTs and provided parallel to a row direction and column direction, respectively, so as to 
be driven by an active matrix method. Such an electro-optical device can also include counter 
electrodes opposed to the pixel electrodes, a liquid crystal layer interposed between the pixel 
electrodes and counter electrodes, and alignment films formed over each of pixel electrodes 
and counter electrodes, so as to enable image display. 

[0003] The orientation state of liquid crystal molecules in the liquid crystal layer 
that have been set to a given orientation state by the alignment film, is appropriately changed 
depending on a given potential difference between the pixel electrodes and counter 
electrodes. Thus, transmittance for light transmitting in the liquid crystal layer varies, 
enabling images to be displayed. 

[0004] In this case, the alignment film plays a large role in keeping the liquid crystal 
molecules to which electric field is not applied, in a given orientation state. In order to realize 
this, a method where the alignment film is composed of a polymer organic compound, such as 
polyimide, and rubbing for the alignment film is implemented has been widely adopted. The 
rubbing is a treatment where a surface of the alignment film after annealed is unidirectionally 
rubbed with a buff cloth rolled around a rotating metal roller." This allows principal chains of 
polymer to be extended along a given direction such that the liquid crystal molecules are 
aligned along the extending direction. 
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[0005] In addition, the substrate of the electro-optical device can include an image 
display area where scanning lines, data lines, and pixel electrodes are provided, and a 
peripheral area where a driver for scanning lines, a driver for data lines, and connection 
terminals for extemal circuit for supplying given signals to these drivers are provided. 

SUMMARY OF THE INVENTION 

[0006] The conventional electro-optical device, however, involves the following 
problems. First, scanning lines, data lines, pixel electrodes, and TFTs are formed on a 
substrate in a manner of forming a stack structure. For example, TFTs, scanning lines, data 
lines, and pixel electrodes are vertically stacked in this order from a surface side of the 
substrate while interposing interlayer insulating films therebetween so as to form the stack 
structure. In such a structure, however, if the stack structure is different between an area 
where the TFTs are formed and the other area for example, an area with large layer thickness 
and an area with small one are formed. As a result, a step is caused at the top layer, and a 
step is also caused in an alignment film formed thereon, resulting in display unevenness. This 
display xmevenness seems to be caused by rubbing unevenness. Namely, when rubbing is 
implemented for the alignment film, thread ends of a buff cloth is disturbed at the step. As a 
result, the degree of rubbing becomes imeven over a surface of the substrate such that liquid 
crystal molecules are not oriented in a certain direction. Incidentally, the display unevenness 
may be caused in a streak manner along the direction of the rubbing and degrade display 
quality. 

[0007] Conventionally, therefore, a structure where a trench is formed in an area 
with large layer thickness by etching so as to adjust the extra thickness being superfluous in 
comparison with a thin area has been proposed. In such a structure, however, if there is a 
plurality of areas having different layer thickness for example, etching for adjusting each of 
the areas is required. The number of etching processes therefore needs to be increased such 
that the etching treatment needs to be implemented more than once. This plural treatment, 
however, is not practical since the process becomes complicated such that only a partial 
thickness adjustment has been implemented. Thus, in a conventional structure, even though 
one part, for example, a connection area is flat, the difference in level is caused for the whole 
substrate. 

[0008] Furthermore, forming a trench by etching may cause underlayer remaining, 
which has been the cause of short-circuit between wiring. 



[0009] Meanwhile, the conventional electro-optical device also involves the 
following problem. Namely, in the stack structure, the connection terminal for external 
circuit is a terminal for establishing electrical connection to a circuit provided in the extemal 
of the electro-optical device, such as a circuit for supplying given signals to a driver for data 
lines or driver for scanning lines, or a power source for supplying given potential to counter 
electrodes. Accordingly, the connection terminal for extemal circuit needs to include 
outwardly exposed part. Li order to form a structure where the part under an interlayer 
insulating film is exposed to outside as premises for the stack structxu-e, however, an opening 
needs to be formed in the interlayer insulating film for the part. According to this, a shape 
where an outermost surface of the stack structure sinks corresponding to the opening is 
formed, causing concavity and convexity in the outermost surface. If an alignment film is 
formed on such an outermost surface having irregularity, the concavity and convexity are 
transferred to the alignment film such that concavity and convexity are caused on the 
alignment film, too. As a result, when the alignment film is rubbed, the rotating roller suffers 
from irregular stress depending on locations. This increases the possibility for shaving the 
aligmnent film. If such shavings are generated so as to be left between the pixel electrodes 
and counter electrodes, the achievement of desired orientation state corresponding to potential 
difference between both electrodes may be prevented (namely, orientation defect may be 
caused). Thus, image quality may be deteriorated, for example, light pass can be caused. 

[0010] The invention is intended to provide an electro-optical device and a method 
of manufacturing the same that enables displaying of higher quality imaging by eliminating 
the difference of layer thickness between areas to the utmost so as to eliminate a step on an 
alignment film, or by planarizing an area where connection terminals for extemal circuit are 
formed as completely as possible so as to suppress shavings of the alignment film caused 
during rubbing to the utmost. In addition, the invention is also intended to provide an 
electronic apparatus including such an electro-optical device. 

[0011] In order to solve the problem, a first electro-optical device of the invention 
can include a connection terminal unit having a first insulating film formed over a substrate 
and planarized and a first conductive film formed over the first insulating film and 
transmitting a signal fi-om an extemal circuit. The connection terminal unit also comprises a 
second insulating film formed over the first insulating film and planarized and an opening 
formed in an area of the second insulating film that corresponds to the first conductive film 
and extending to the first conductive film. 
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[0012] According to the first electro-optical device of the invention, the first and 
second insulating films can be planarized by CMP (Chemical Mechanical Polishing) 
treatment for example. Thus, the surfaces thereof have superior planarity. The opening 
extending to the first conductive film is formed in the second insulating film, and thereby the 
connection terminal unit is formed. The total thickness of an area where wiring or an 
electrode exists is different fi-om that of an area without them in the stack structure beneath 
the first insulating film. Accordingly, if the first insulating film is not planarized, in order to 
planarize at the second insulating film, which is an upper layer, the second insulating film 
needs to be deposited with large thickness and thereafter be planarized. Accordingly, in order 
to planarize at the second insulating film, which is an upper layer, the second insulating film 
needs to be deposited with large thickness and thereafter be planarized. According to the 
invention, however, the second insulating film may be deposited with small thickness and be 
planarized such that the difference in level in the connection terminal area can easily be 
reduced, enabling the reduction of cost. Li addition, areas with different total thickness are 
reduced since superior planarity can be achieved. Furthermore, the situation where shavings 
are generated due to the concavity and convexity when mbbing is implemented for the 
alignment film can be avoided. As a result, higher quality images can be displayed in the 
present invention. 

[0013] The first electro-optical device of one aspect of the invention can fiirther 
include a switching element disposed in an image display area, a data line electrically 
connected to the switching element, and a pixel electrode electrically connected to the 
switching element. The first electro-optical device also can have a storage capacitor 
including a pixel-potential-side capacitor electrode electrically connected to pixel potential of 
the pixel electrode, and a fixed-potential-side capacitor electrode opposed to the pixel- 
potential-side capacitor electrode through an insulating film, and a capacitance line fomied 
above the data line and electrically connected to the fixed-potential-side capacitor electrode. 
The capacitance line is formed over the first insulating film. The first conductive film is 
formed of the same film as that of the capacitance line. 

[0014] According to this aspect, even if the difference in total thickness between an 
area where wiring or electrode exists and an area without them is increased due to the 
structure where stacked is each of elements such as a switching element, a data line, an 
electrode constituting a storage capacitor, and a capacitance line that are disposed in an image 
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display area, the reduction of manufacturing cost and superior planarity can be achieved by 
planarizing the first and second insulating films. 

[0015] In another aspect of the first electro-optical device of the invention, a 
conductive film formed of the same film as that of any of wiring and an electrode that is 
deposited in an image display area, is formed beneath the first insulating film that 
corresponds to the connection terminal unit. 

[0016] According to this aspect, cost can be reduced, and the difference in total 
thickness between the stack structure of the connection terminal area and that of the image 
display area can be compensated since the wiring stacked in the image display area is utilized. 

[0017] hi another aspect of the first electro-optical device of the invention, the first 
conductive film may form a surface of the connection terminal imit connected to a substrate 
for connecting to the extemal circuit. 

[0018] hi another aspect of the first electro-optical device of the invention, a top 
surface of the second insulating film may be flush with a top surface of the first conductive 
film. Li this aspect, the difference in level between the second insulating film and the first 
conductive film is not generated. Accordingly, the generation of shavings when mbbing is 
implemented for an alignment film can be avoided. 

[0019] The first electro-optical device of another aspect of the invention may further 
include a second conductive film electrically connected to the first conducive fihn through the 
opening in the second insulating film. This aspect enables the second conductive film to have 
a function as a thickness controlling film for planarizing. 

[0020] In this aspect, the second conductive film may be formed of the same film as 
that of the pixel electrode for example, hi addition, the second conductive film may form a 
surface of the connection terminal unit connected to a substrate for connecting to the extemal 
circuit. Li this aspect, the opening in the second insulating film may have a plurality of first 
contact holes, and the first and second conductive films may be electrically connected to each 
other through the first contact holes. The film thickness of the second insulating film can be 
small, and the depth of the first contact holes may be small since the first insulating film is 
planarized. Furthermore, the resistance of connection between the first and second 
conductive films is lowered since a plurality of contact holes is formed, hi this aspect, the 
first contact holes may be formed in a manner of being dotted at least over the first 
conductive film. 
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[0021] According to this aspect, for example, as compared to the case where only 
one first contact hole having the same area as that of the conductive film is formed, the 
second conductive film does not drop down toward the bottom of the first contact holes. 
Accordingly, even if an alignment film is formed on the structure according to the aspect, 
namely on the second conductive film, concern that concavity and convexity are formed in a 
surface of the alignment film is fiirther reduced, and areas having different layer thickness are 
reduced. In addition, the possibility that shavings of the alignment film are generated due to 
rubbing for the aHgnment film is extremely reduced. The first contact holes may be dotted 
over the whole conductive film evenly, or may be dotted in a line, lattice, or checked manner. 

[0022] hi another aspect of the first electro-optical device of the invention, the first 
conductive film may be electrically connected to wiring that is electrically connected to an 
internal circuit. Li addition, the wiring electrically connected to the internal circuit may be 
formed over the first insulating film and be formed of the same film as that of the first 
conductive film. Otherwise, the wiring may be formed over a third insulating film that is 
under the first insulating film, and be electrically connected to the first conductive film 
through a second contact hole. Li this aspect, the second contact hole may be formed xmder 
the periphery of the first conductive fihn. 

[0023] According to this aspect, an area that is not a peripheral area of the first 
conductive film, namely the center area of the conductive film, is not formed above the 
second contact hole, superior planarity therefore can be achieved in the area. Li this aspect, 
the second contact hole may be positioned at an area overlapping with the second insulating 
film. According to this structure, the planarity of the first conductive film is maintained. 

[0024] The plurality of second contact holes may be formed in a manner of being 
dotted under the first conductive film. The second contact holes may be dotted xmder the 
whole conductive film evenly, or may be dotted in a line, lattice, or checked manner, hi this 
aspect, the data line may be formed over the third insulating film, and the wiring electrically 
connected to the intemal circuit may be formed of the same film as that of the data line. 
According to this aspect, cost can be reduced, and the difference in total thickness between 
the stack structure of the connection terminal area and that of the image display area can be 
compensated since the wiring stacked in the image display area is utilized. 

[0025] The first electro-optical device of another aspect of the invention may further 
comprise a counter substrate opposed to the substrate and including a counter electrode, and a 
pad formed of the same film as that of the first conductive film. The pad and the counter 
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electrode may be electrically connected to each other through a conductive terminal. 
According to this aspect, if the pad is formed simultaneously with the formation of the first 
conductive film of the connection terminal unit in order to establish an electrical connection 
to the counter electrodes of the counter substrate, manufacturing cost can be reduced. 
Furthermore, if the dummy conductive film is formed as with in the connection terminal unit, 
superior planarity can be realized, including the formation area of the pad. 

[0026] A second electro-optical device of the invention can include a connection 
terminal unit having a first insulating film formed over a substrate, and a first conductive film 
formed over the first insulating film and transmitting a signal firom an extemal circuit. The 
connection terminal xmit also includes a second insulating film formed over the first 
insulating film and planarized, and an opening formed in an area of the second insulating film 
that corresponds to the first conductive film and extending to the first conductive film. The 
second electro-optical device can fiirther include wiring formed over a third insulating film 
that is under the first insulating film and electrically connected to the first conductive film 
through a contact hole, and an internal circuit. 

[0027] According to the second electro-optical device of the invention, the second 
insulating film is planarized by CMP (Chemical Mechanical Polishing) treatment for 
example. Thus, the surface thereof has superior planarity. The opening extending to the first 
conductive film is formed in the second insulating film, and thereby the connection terminal 
unit is formed. According to this, even if the total thickness of an area where wiring or an 
electrode exists is different firom that of an area without them in the stack structure beneath 
the first insulating film, the difference in level in the connection terminal area can be reduced 
since planarization is implemented at the second insulating film. Li addition, areas with 
different total thickness are reduced since superior planarity can be achieved. Furthermore, 
the situation where shavings are generated due to the concavity and convexity when rubbing 
is implemented for the alignment film can be avoided. As a result, higher quality images can 
be displayed in the present invention. 

[0028] Li one aspect of the second electro-optical device of the invention, a top 
surface of the second insulating film may be flush with a top surface of the first conductive 
film. This aspect prevents the difference in level between the second insulating film and the 
first conductive film. Accordingly, the generation of shavings when rubbing is implemented 
for an alignment film can be avoided. 
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[0029) A third electro-optical device of the invention can include a switching 
element disposed in an image display area, a data line formed over a first insulating film and 
electrically connected to the switching element, a pixel electrode electrically connected to the 
switching element, and a storage capacitor having a pixel-potential-side capacitor electrode 
electrically connected to pixel potential of the pixel electrode, and a fixed-potential-side 
capacitor electrode opposed to the pixel-potential-side capacitor electrode through an 
insulating film. The third electro-optical device also includes a capacitance line formed over 
a second insulating film that is over the data line and electrically connected to the fixed- 
potential-side capacitor electrode, a third insulating film over the capacitance line, and a 
connection terminal unit. The connection terminal unit can include a first conductive film 
formed of the same film as that of the capacitance line over the second insulating film and 
transmitting a signal fi*om an extemal circuit, and an opening formed in an area of the third 
insulating film that corresponds to the first conductive film and extending to the first 
conductive film. The third electro-optical device fiirther includes wiring formed of the same 
film as that of the data line over the first insulating film and electrically connected to the first 
conductive film through a contact hole, and an intemal circuit. 

[0030] According to the third electro-optical device of the invention, the first 
conductive film is formed of the same film as that of the capacitance line, which is on a layer 
above the data line, and the wiring electrically connected to the intemal circuit is formed of 
the same film as that of the data line. This allows the first conductive film to be formed on an 
upper layer side such that the difference in level between the third insulating film and the first 
conductive film can be reduced. Accordingly, the generation of shavings when rubbing is 
implemented for an alignment film can be reduced. In addition, the depth of the contact hole 
interconnecting the first conductive film and wiring can be decreased since the wiring 
electrically connected to the intemal circuit is formed of the same film as that of the data line, 
which is beneath the capacitance line. 

[0031] A method of manufacturing an electro-optical device of the invention can 
include the steps of forming a first insulating film over a substrate and planarizing a surface 
of the first insulating film, and forming a first conductive film formed over the first insulating 
film and transmitting a signal fi"om an extemal circuit. The method also includes the steps of 
forming a second insulating film over the first insulating film and the first conductive film 
and planarizing the second insulating film, and removing an area of the second insulating film 
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that corresponds to the first conductive fihn to uncover the first conductive fihn so as to form 
a connection terminal unit. 

[0032] According to the method of manufacturing the electro-optical device of the 
invention, the above electro-optical device of the invention can relatively easily be 
manufactured. 

[0033] In one aspect of the method of manufacturing an electro-optical device of the 
invention, the first conductive film may be formed simultaneously with a capacitance line 
formed in an image display area. The second conductive film may be formed simultaneously 
with a data line formed in the image display area. 

[0034] An electronic apparatus of the invention can include the electro-optical 
device of the invention including the above various aspects. According to the electronic 
apparatus of the invention, shavings of an alignment film are hardly generated when rubbing 
is implemented for the alignment film since the electronic apparatus includes the electro- 
optical device of the invention. Thus, realized are various electronic apparatuses, such as a 
liquid crystal television, a cellular phone, an electronic notebook, a word processor, a video 
tape recorder of view finder type or monitoring type, a work station, a television telephone, a 
POS terminal, and a touch panel that can display high quality images. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] The invention will be described with reference to the accompanying 
drawings, wherein like numerals reference like elements, and wherein: 

[0036] FIG. 1 is a plan view of an electro-optical device when viewing a TFT array 
substrate and each component formed thereon from a covmter substrate side; 

[0037] FIG. 2 is a sectional view along H-H' line of FIG. 1 ; 

[0038] FIG. 3 shows an equivalent circuit with various elements, wiring, and so on 
in a plurality of pixels formed in a matrix and constituting an image display area of the 
electro-optical device; 

[0039] FIG. 4 is a plan view of a plurality of pixel groups adjacent to each other on 
the TFT array substrate where a data line, a scanning line, a pixel electrode, and so on are 
formed, and shows only a structure of a lower layer section (a lower layer section up to 
numeral 70 (storage capacitor) in FIG. 6); 

[0040] FIG. 5 is a plan view of a plurality of pixel groups adjacent to each other on 
the TFT array substrate where the data line, the scanning line, the pixel electrode, and so on 
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are formed, and shows only a structure of an upper layer section (an upper layer section over 
numeral 70 (storage capacitor) in FIG. 6); 

[0041] FIG. 6 is a sectional view of A-A' line when stacking the sections of FIGs. 4 

and 5; 

[0042] FIG. 7 is a plan view obtained by magnifying the inside of the circle with 
numeral Zl in FIG. 1 (connection terminal for extemal circuit and the vicinity thereof); 

[0043] FIG. 8 is a sectional view along PI -PI' line of FIG. 7 (it is a magnified view 
of the inside of the circle with numeral Z2 in FIG. 2 as well as a sectional view corresponding 
to the stack structure shown in FIG. 6); 

[0044] FIG. 9 is a sectional view having the same purpose as that of FIG. 8, and 
especially is a diagram showing the disposition relationship of an opening 44H, a pad 404P, 
and a contact hole 43H, FIG. 9 (a) shows an electro-optical device of a first embodiment, and 
FIG. 9 (b) a comparative example thereof; 

[0045] FIG. 10 is a plan view according to a second embodiment of the invention 
that has the same purpose as that of FIG. 7 but is different firom FIG. 7 in that a controlling 
film 9aP is formed; 

[0046] FIG. 1 1 is a sectional view along P2-P2' line of FIG, 10; 

[0047] FIG. 12 is a plan view according to a third embodiment of the invention that 
has the same purpose as that of FIG. 7 but is different firom FIG. 7 in that the whole surface of 
the pad is exposed; 

[0048] FIG. 13 is a sectional view along P3-P3' line of FIG. 12; 

[0049] FIG. 14 is a sectional view according to the third embodiment of the 
invention that has the same purpose as that of FIG. 6 and shows a preferable stmctural 
example of the stack structure in a pixel unit; 

[0050] FIG. 15 is a plan view according to a fourth embodiment of the invention 
that has the same purpose as that of FIG. 7 but is different fi-om FIG. 7 in the form of a 
contact hole formed in a fourth interlayer insulating film; 

[0051] FIG. 16 is a sectional view along P4-P4' line of FIG. 15; 

[0052] FIG. 17 is a plan view showing a modified formation in relation to FIG. 15; 

[0053] FIG. 18 is a plan view showing a modified formation in relation to FIG. 16; 

[0054] FIG. 19 is a plan view according to a fifl:h embodiment of the invention that 
has the same purpose as that of FIG. 7, but is different from FIG. 7 in that a contact hole is 
not formed in a third interlayer insulating film; 
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[0055] FIG. 20 is a sectional view along P5-P5' line of FIG. 19; 

[0056] FIG. 21 is a sectional view in relation to a vertical conduction terminal and a 
structure around the vertical conduction terminal; 

[0057] FIG. 22 is a sectional view of a manufacturing process explaining processes 
from the formation of the pad to the formation of the alignment fihn in the order of events, in 
relation to the features of FIG. 13; and 

[0058] FIG. 23 is a graphical sectional view showing a color liquid crystal projector 
as one example of a projection color display that is an embodiment of an electronic apparatus 
of the invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0059] The above-described operation and other advantageous effects of the 
invention will become apparent from embodiments to be described below. 

[0060] Embodiments of the invention will be described below with reference to 
accompanying drawings. The following embodiments are related to a liquid crystal device 
where an electro-optical device of the invention is applied. 

[0061] First, the whole structure of a first embodiment according to an electro- 
optical device of the invention will be described referring to FIGs. 1 and 2. FIG. 1 is a plan 
view of an electro-optical device when viewing a TFT array substrate and each component 
formed thereon from a counter substrate side. FIG. 2 is a sectional view along H-H' line of 
FIG. 1 . A TFT active-matrix-driven liquid crystal device of driver built-in type that is one 
example of an electro-optical device will be described by way of example. 

[0062] Referring to FIGs. 1 and 2, in an electro-optical device according to a first 
embodiment, a TFT array substrate 10 and a counter substrate 20 are opposed to each other. 
A Uquid crystal layer 50 is sealed between the TFT array substrate 10 and the counter 
substrate 20. The TFT array substrate 10 and the counter substrate 20 are joined to each other 
with a sealing material 52 provided on a sealing area that is located in the periphery of an 
image display area 10a. 

[0063] The sealing material 52 is composed of, for example, ultraviolet rays (UV) 
curing resin, and thermosetting resin for joining the both substrates. The sealing material 52 
can be cured by UV irradiation, heating, etc. after being applied on the TFT array substrate 10 
in a manufacturing process. In the sealing material 52, dispersed is a gap material, such as a 
glass fiber or a glass bead, for setting the interval between the TFT array substrate 10 and the 
counter substrate 20 (the gap between the substrates) to be a certain value. Namely, an 
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electro-optical device of the first embodiment is suitable for displaying magnified images 
with small device size, as a light valve of a projector. 

[0064] A fi-ame light shielding film 53 of light shielding that defines a fi-ame area of 
the image display area 10a is provided on a counter substrate 20 side parallel with the inside 
of a sealing area where the sealing material 52 is provided. Part or whole of the frame hght 
shielding film 53 may be provided on a TFT array substrate 10 side as a built-in light 
shielding film. Meanwhile, a peripheral area defining the periphery of the image display area 
10a exists in the first embodiment. In other words, especially in the first embodiment, an area 
beyond the frame light shielding film 53 when viewing from the center of the TFT array 
substrate 10 is defined as a peripheral area. 

[0065] Above an area located in the outside of the sealing area where the sealing 
material 52 is provided, of the peripheral area, provided are a data line driver 101 and 
connection terminals 102 for external circuit along one side of the TFT array substrate 10. 
Scanning line drivers 104 are provided along two sides adjoining this side in a manner of 
being covered by the frame light shielding film 53. In order to interconnect two scanning line 
drivers 104 provided on both sides of the image display area 10a, a plurality of wiring 105 is 
provided along the remaining side of the TFT array substrate 10 in a manner of being covered 
by the frame hght shielding film 53. The data line driver 101 and the scanning line drivers 
104 are connected to the connection terminals 102 for extemal circuit through wiring 6aP. 
Details about this will be described in greater detail below. 

[0066] Vertical conduction terminals 106 are disposed on four comer parts of the 
counter substrate 20. This enables electrical conduction between the TFT array substrate 10 
and the counter substrate 20. 

[0067] Referring to FIG. 2, above the TFT array substrate 10, an alignment film not 
shown in the drawing is formed over pixel electrodes 9a for which TFTs for switching pixel, 
and wiring such as scanning lines and data lines have been formed. Meanwhile, coimter 
electrodes 21 and a light shielding film 23 of a lattice or stripe manner are formed above the 
counter substrate 20, and an alignment film not shown in the drawing is formed over the 
uppermost layer portion thereof. A liquid crystal layer 50 is composed of liquid crystal 
prepared by blending one kind or several kinds of nematic liquid crystal for example, and 
assumes a given orientation state between the pair of alignment films. 

[0068] In an electro-optical device of the first embodiment having the above- 
described whole structure, the concrete stmcture pertinent to the connection terminals 102 for 
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external circuit has advantageous features. Details about this will be described below with 
reference to FIG. 7. 

[00691 In addition to the data line driver 101 and the scanning Une drivers 104, a 
sampling circuit that samples image signals in image signal lines so as to supply them to data 
lines, a pre-charge circuit that supplies pre-charge signals at a given voltage level to a 
plurality of data lines previous to image signals, an inspection circuit for inspecting the 
quality and defect of the electro-optical device on the way of manufacturing and when 
shipping, may be formed above the TFT array substrate 10 shown in FIGs. 1 and 2. 

[0070] Details about the structure of a pixel imit of the electro-optical device 
according to the first embodiment of the invention will be described below referring to FIGs. 
3 through 8. FIG. 3 shows an equivalent circuit with various kinds of elements, wiring, and 
so on in a plurality of pixels formed in a matrix and constituting the image display area of the 
electro-optical device. FIGs. 4 and 5 are plan views of a plurality of pixel groups adjacent to 
each other of the TFT array substrate where data lines, scanning lines, pixel electrodes are 
formed. FIGs. 4 and 5 show a lower layer section (FIG. 4) and an upper layer section 
(FIG. 5), of the stack structure to be described later, respectively. 

[00711 FIG. 6 is a sectional view of A-A' line when stacking the sections of FIGs. 4 
and 5. FIG. 7 is a plan view showing the magnification of the inside of a circle with numeral 
Zl in FIG. 1 (the connection terminal 102 for extemal circuit and the vicinity thereof). FIG. 8 
is a sectional view of Pl-PT line of FIG. 7, and is a magnified view of the inside of a circle 
with numeral Z2 in FIG. 2 as well as a sectional view corresponding to the stack structure 
shown in FIG. 6, In FIGs. 6 and 8, scale is different for each layer and member in order to 
illustrate each layer and member in recognizable size in the diagram. 

[0072] Referring to FIG. 3, for the plurality of pixels formed in a matrix and 
constituting the image display area of the electro-optical device of the first embodiment, the 
pixel electrodes 9a and TFTs 30 for controlling the switching of the pixel electrodes 9a are 
formed corresponding to intersections of data lines 6a and scanning lines 11a. The data lines 
6a, to which image signals are supplied, are electrically connected to the sources of the TFTs 
30. Image signals SI, S2, through Sn, which are written to the data lines 6a, may be supplied 
in this order line sequentially, or may be supplied to a plurality of data lines 6a adjacent to 
each other in groups. 

[0073] The scaiming lines 1 la are electrically connected to gate electrodes 3a of the 
TFTs 30 such that scanning signals Gl, G2, through Gm are applied in a pulse manner at a 
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given timing, to the scanning lines 11a and the gate electrodes 3a in this order Une 
sequentially. The pixel electrodes 9a are electrically connected to the drains of the TFTs 30. 
The TFTs 30, which are switching elements, are switched off during a certain period, and 
thereby the pixel electrodes 9a write the image signals SI, S2, through Sn supplied from the 
data lines 6a at a given timing. 

[0074] The image signals SI, S2, through Sn, which have been written to liquid 
crystal that is one example of electro-optical materials via the pixel electrodes 9a, are 
maintained between the counter electrodes formed above the counter substrate and the liquid 
crystal during a certain period. In liquid crystal, the orientation and order of molecule 
assembly change depending on applied voltage level so as to modulate light, enabling 
grayscale display. In the case of a normally white mode, transmittance for incident light 
decreases in response to voltage applied on a pixel basis, while in the case of a normally black 
mode, transmittance for incident light increases in response to voltage applied on a pixel 
basis. As a whole, light having contrast depending on the image signals are output from the 
electro-optical device. 

[0075] In order to prevent the leakage of the maintained image signals, storage 
capacitors 70 can be provided parallel with a liquid crystal capacitance formed between the 
pixel electrodes 9a and counter electrodes. Each of storage capacitors 70 comprises each 
pixel-potential-side capacitor electrode and each fixed-potential-side capacitor electrode 300 
fixed to constant potential with a dielectric film interposed therebetween. 

[0076] The structure of the electro-optical device that achieves the above circuit 
operation by utilizing the data lines 6a, the scanning lines 11a, the gate electrodes 3a, and the 
TFTs 30 will be described below referring to FIGs. 4 through 7. 

[0077] Referring to FIGs. 4 and 5, the plurality of pixel electrodes 9a are provided 

r 

above the TFT array substrate 10 in a matrix (the outlines thereof are illustrated as dashed 
lines in FIG. 5). The data lines 6a and scanning lines 1 la are provided along the vertical and 
horizontal boundaries of the pixel electrodes 9a, respectively. The scanning lines 1 la are 
formed on a layer xmder the semiconductor layers la of the TFTs 30, which is on a TFT array 
substrate 10 side across the semiconductor layers la. Each of scanning lines 1 la is 
electrically connected to each of gate electrodes 3a facing one of channel regions la' 
illustrated as hatched areas in the diagram, of one of the semiconductor layers 1 a, through one 
of contact holes 12cv. The gate electrodes 3a are included in the scanning lines 1 la. Namely, 
each of TFTs 30 for switching pixel where each of gate electrodes 3 a included in each of 
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scanning line 1 la is opposed to one of the channel regions la' is provided on a place where 
one of the gate electrodes 3 a and one of the data lines 6a intersect. 

[0078] As shown in FIG. 6, which is a sectional view of A-A' line of FIGs. 4 and 5, 
the electro-optical device includes the TFT array substrate 10 composed of, for example, a 
quartz substrate, a glass substrate, and a silicon substrate, and the counter substrate 20 
composed of, for example, a glass substrate and a quartz substrate that is opposed to the TFT 
array substrate 10. 

[0079] As shown in FIG. 6, the pixel electrodes 9a are provided on a TFT array 
substrate 10 side, and an alignment film 16 for which a certain alignment treatment, such as 
rubbing, is implemented is provided above the pixel electrodes 9a. The pixel electrode 9a are 
composed of a transparent conductive film such as an ITO film for example. Meanwhile, the 
counter electrodes 21 are provided on a counter substrate 20 side, and an alignment film 22 
for which a certain alignment treatment such as rubbing is implemented is provided under the 
counter electrodes 21 . The counter electrodes 21 are composed of a transparent conductive 
film such as an ITO film for example, as with the pixel electrodes 9a. 

[0080] Between the TFT array substrate 10 and the counter substrate 20 opposed to 
each other as above, an electro-optical material, such as liquid crystal, is sealed in a space 
surroimded by the sealing material 52 (refer to FIGs. 1 and 2) so as to form the liquid crystal 
layer 50. The liquid crystal layer 50 is set to a given orientation state by the alignment fihns 
16 and 22 when electric field is not applied fi"om the pixel electrodes 9a. Liquid crystal of the 
liquid crystal layer 50 may be twist-nematic liquid crystal, or may be liquid crystal for vertical 
orientation. 

[0081] Meanwhile, above the TFT array substrate 10, in addition to the pixel 
electrodes 9a and the alignment film 16, various kinds of components including these 
elements are provided in a stack structure manner. As shown in FIG. 6, the stack structure 
can include, in the order firom below, a first layer including the scanning line 1 la, a second 
layer that includes the TFT 30 having the gate electrode 3a, and so on, a third layer including 
the storage capacitor 70, a fourth layer including the data line 6a and so on, a fifth layer 
including capacitance wiring 400 that is one example of first wiring in the invention, and so 
on, and a sixth layer (uppermost layer) including the pixel electrodes 9a, the alignment film 
16, and so on. 

[0082] An underlayer insulating film 12 is provided between the first and second 
layers. Furthermore, provided are a first interlayer insulating film 41 between the second and 
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third layers, a second interlayer insulating film 42 between the third and fourth layers, a third 
interlayer insulating fihn 43 between the fourth and fifth layers, and a fourth interlayer 
insulating film 44 between the fifth and sixth layers. These insulating films prevent short- 
circuit between the components. In the insulating films 12, 41, 42, 43, and 44, for example, 
contact holes for electrically interconnecting a highly-doped source region Id in the 
semiconductor layer la of the TFT 30 and the data line 6a, and so on are provided. Details 
about these components will be described below in the order fi-om bottom layer. The first 
through third layers are shown in FIG. 4 as the lower layer section. The fourth through sixth 
layers are shown in FIG. 5 as the upper layer section. 

[0083] On the first layer, provided is the scanning line 11a composed of, for 
example, elemental metal, alloy, metal silicide, poly-silicide, a stack of these materials that 
include at least one of refi*actory metals, such as titanium (Ti), chromiimi (Cr), tungsten (W), 
tantalum (Ta), and molybdenum (Mo), or conductive poly-silicon. The scanning lines 1 la are 
patterned in a stripe along a X-direction of FIG. 4 when viewed fi"om above. Specifically, 
each of scanning lines 1 la of a stripe manner includes a main line portion extending along the 
X-direction of FIG. 4, and protruding portions extending along a Y-direction of FIG. 4 along 
which data lines 6a are extended. The protruding portions extending fi-om each of scanning 
lines 11a adjacent to each other are not connected to each other. The scanning lines 11a 
therefore are divided into each one line. 

[0084] This allows each of scanning lines 1 la to have a fimction of simultaneously 
controlling the "on" and "off of the TFTs 30 existing in the same row. Meanwhile, in the 
case of the scanning line 11a of light shielding, the scanning line 11a also has a fimction of 
shielding light entering the TFT 30 from below since the scanning line 1 la is formed in a 
manner of roughly covering the area where the pixel electrodes 9a are not formed. This 
prevents the light leakage current in the semiconductor layer la of the TFT 30, enabling high 
quality image display without flicker and so on. 

[0085] The TFT 30 including the gate electrode 3 a is provided on the second layer. 
As shown in FIG. 6, the TFT 30 has an LDD (Lightly Doped Drain) structure. As structural 
components, the TFT 30 includes the gate electrode 3 a, and the channel region la' of the 
semiconductor layer la that is composed of a conductive poly-silicon film for example, and 
where a channel is formed by an electric field from the gate electrode 3a. The TFT 30 also 
includes an insulating layer 2 including a gate insulating film that insulates the gate electrode 
3a from the semiconductor layer la, a lightly-doped source region lb, a lightly-doped drain 
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region Ic, a highly-doped source region Id, and a highly-doped drain region le, in the 
semiconductor layer la. 

[0086] In the first embodiment, in the second layer, a relay electrode 719 formed of 
the same film as that of the gate electrode 3a is formed on the underlayer insulating film 12. 
As shown in FIG. 4, each relay electrode 719 is formed in an island shape and is located in 
the generally center of a side extending along an X-direction, of each of pixel electrodes 9a, 
when viewed from above. The relay electrode 719 is formed of a conductive poly-silicon 
fihn and the like since the relay electrode 719 is formed of the same film as that of the gate 
electrode 3 a. 

[0087] The TFT 30 preferably has an LDD structure as shown in FIG. 6. The TFT 
30, however, may have an offset structure where impurities are not implanted into the lightly- 
doped source region lb and the lightly-doped drain region Ic. Otherwise, the TFT 30 may be 
a self-aligned TFT where high concentration impurities are implanted utilizing the gate 
electrode 3a as a mask so as to form the highly-doped source region and the highly-doped 
drain region in a self-alignment manner. Although in the first embodiment, used is a single 
gate structure where only one gate electrode of the TFT 30 for switching pixel is disposed 
between the highly-doped source region Id and the highly-doped drain region le, two or more 
gate electrodes may be disposed along these regions. 

[0088] In the case where the TFT includes dual gate, triple gate, or more, leakage 
current of junction part between the channel, and source region or drain region can be avoided 
such that the amount of current during "off can be reduced. The semiconductor layer la 
constituting the TFT 30 may be a non-single-crystal layer, or may be a single-crystal layer. A 
known method, such as a joining method, is available for forming a single-crystal layer. 
Utilizing a single-crystal layer as the semiconductor layer la enables the performance of 
peripheral circuits to be improved especially. 

[0089] Over the scanning line 11a, and under the TFT 30, the underlayer insulating 
film 12 composed of a silicon oxide film and the like is provided. In addition to a fiinction of 
insulating the TFT 30 firom the scanning line 11a, the underlayer insulating film 12 has a 
function of preventing the characteristic change of the TFT 30 for switching pixel due to the 
roughness of surface of the TFT array substrate 10 caused when surface polishing thereof and 
dust remaining after cleaning thereof, by being formed over the whole of the TFT array 
substrate 10. 
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[0090] In the xmderlayer insulating film 12, the contact hole 12cv of a trench 
manner is formed along a direction of channel length of the semiconductor layer la, which 
extends along each data line 6a to be described later, at both sides of each semiconductor 
layer la when viewed from above (refer to FIG. 4). The gate electrode 3a deposited above the 
contact hole 12cv includes a potion formed in a manner of being concave downward. The 
gate electrode 3a is formed in a manner of burying the whole of the contact hole 12cv, and 
thereby a sidewall part 3b formed monolithically with the gate electrode 3a is extended from 
the gate electrode 3a. According to this, the semiconductor layer la of each of TFTs 30 is 
covered from the side when viewed from above as shown in FIG. 4, such that incident light at 
least from these parts is suppressed. 

[0091] The sidewall part 3b is formed so that the contact hole 12cv is buried, while 
the lower end of the sidewall part 3b makes contact with the scanning lines 11a. The 
scanning lines 1 la are formed independently from each other as described above. Thus, the 
gate electrodes 3a and the scanning lines 1 la on a certain row invariably have the same 
potential as long as attention is focused on the row. 

[0092] In the invention, another scanning lines including the gate electrodes 3a and 
formed as the same layer as the gate electrodes 3a may be formed in parallel to the scanning 
lines 1 la. In this case, another scanning lines and the scanning Hnes 1 la are electrically 
connected to each other outside the display area so as to form a redundant wiring structure for 
example. According to this, even in the case where part of the scanning lines 11a involves 
any defect such that normal electrical conduction becomes impossible for example, as long as 
another scanning lines existing in the same row as that of the scanning lines 1 la with defect 
are sound, the normal operation control of the TFTs 30 is still maintained by using the 
scanning lines. 

[0093] On the third layer, there is provided the storage capacitor 70. The storage 
capacitor 70 is formed by opposing a lower electrode 71 as a pixel-potential-side capacitor 
electrode connected to the highly-doped drain region le of the TFT 30 and the pixel electrode 
9a, and the capacitor electrode 300 as a fixed-potential-side capacitor electrode through a 
dielectric film 75. The storage capacitor 70 enables the potential holding characteristic in the 
pixel electrodes 9a to be notably improved. Each storage capacitor 70 according to the first 
embodiment overlaps with a formation region that is at a border of the pixel electrode 9a 
adjacent to the storage capacitor 70, as is apparent from a plan view of FIG. 4. The storage 
capacitor 70, however, is formed so as not to overlap with a light transmitting area 
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approximately corresponding to the formation area of the pixel electrode 9a, Namely, each 
storage capacitor 70 is formed in a manner of being located within a Ught shielding area such 
that the pixel aperture ratio of the whole electro-optical device is kept relatively large. Thus, 
brighter image can be displayed. 

[0094] Specifically, the lower electrode 71 can be composed of a conductive poly- 
silicon film for example and functions as a pixel-electrode-side capacitor electrode. The 
lower electrode 71, however, maybe composed of a mono-layer film or multi-layered film 
including metal or alloy. Furthermore, the lower electrode 71 has a function to relay- 
interconnect the pixel electrode 9a and the highly-doped drain region le of the TFT 30. 
Incidentally, relay-intercoimection here is implemented through the relay electrode 719 and 
other elements. 

[0095] The capacitor electrode 300 functions as a fixed-electrode-side capacitor 
electrode of the storage capacitor 70. The capacitor electrode 300 has the same shape as that 
of the lower electrode 71, and constitutes an island electrode as with the lower electrode 71. 
In the first embodiment, in order to set the potential of the capacitor electrode 300 to fixed 
potential, the capacitor electrode 300 is electrically connected to the capacitance wiring 400 
(to be described later) whose potential is set to fixed potential. The capacitor electrode 300 is 
composed of elemental metal, alloy, metal silicide, poly-silicide, a staclc of these materials 
that include at least one of refi-actory metals such as Ti, Cr, W, Ta, and Mo, and is preferably 
composed of tungsten silicide. This allows the capacitor electrode 300 to have a function to 
shield light entering the TFT 30 fi-om above. 

[0096] The dielectric film 75 is composed of, for example, relatively thin oxide 
silicon films, such as an HTO (High Temperature Oxide) film and an LTO (Low Temperature 
Oxide) film, or a nitride silicon film whose thickness is about 5nm to 200nm, as shown in 
FIG. 6. In view of increasing the capacitance of the storage capacitor 70, the dielectric film 
75 is preferably thinner as long as the reliability thereof is sufficient. 

[0097] In the first embodiment, the dielectric film 75 has a double-layer structure of 
an oxide silicon film 75a as a lower layer and a nitride silicon film 75b as an upper layer as 
shown in FIG. 6. The nitride silicon film 75b of the upper layer is pattemed to have a bit 
larger size than that of the lower electrode 71 as a pixel-potential-side capacitor electrode so 
as to be placed within the light shielding area (non-aperture area). 

[0098] This allows the nitride silicon film 75b to have relatively large dielectric 
constant, and thereby the capacitance value of the storage capacitor 70 can be increased. 
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Nonetheless, the vohage resistance of the storage capacitor 70 is not decreased since the 
oxide silicon fibn 75a exists. Thus, forming the dielectric fihn 75 as a double-layer structure 
enables two contrary advantageous effects to be achieved. The nitride silicon film 75b, which 
is colored, is patterned to have a bit large size than that of the lower electrode 71 and is not 
formed over the light transmitting part light (be located within the light shielding area). The 
decrease of transmittance therefore can be prevented. In addition, the penetration of water 
into the TFTs 30 can be avoided since the nitride silicon film 75b exists. This avoids the rise 
of the threshold vohage in the TFTs 30, enabling the device to be operated over a relatively 
long period. The pattem shape of the dielectric fihn 75 may be the same as that of the lower 
electrode 71 of the storage capacitor 70, and that of the capacitor electrode 300. 

[0099] Although the dielectric film 75 has a double-layer structure in the first 
embodiment, it may have a triple-layer structure of, for example, an oxide silicon film, a 
nitride silicon film, and an oxide silicon film. Otherwise, it may have a stack structure 
including more layers. A mono-layer structure is also available, of course. 

[0100] Over the TFT 30, the gate electrode 3a, and the relay electrode 719, and 
under the storage capacitor 70, formed is the first interlayer insulating film 41 . The first 
interlayer insulating film 41 is composed of, for example, a film of silicate glass such as NSG 
(non-doped silicate glass), PSG (phosphosilicate glass), BSG (borosilicate glass), and BPSG 
(borophosphosilicate glass), a nitride silicon film, and an oxide silicon film, or is preferably 
composed of a NSG. 

[0101] In the first interlayer insulating film 41, a contact hole 81 electrically 
interconnecting the highly-doped source region Id of the TFT 30 and the data line 6a to be 
described later is formed through the second interlayer insulating film 42. In addition, in the 
first interlayer insulating film 41, formed is a contact hole 83 electrically interconnecting the 
highly-doped drain region le of the TFT 30 and the lower electrode 71 constituting the 
storage capacitor 70. Furthermore, in the first interlayer insulating film 41, formed is a 
contact hole 881 electrically interconnecting the lower electrode 71 as a pixel-potential-side 
capacitor electrode constituting the storage capacitor 70, and the relay electrode 719. 
Moreover, in the first interlayer insulating film 41, a contact hole 882 electrically 
interconnecting the relay electrode 719 and a second relay electrode 6a2 to be described later 
is formed through the second interlayer insulating film. The relay electrode 719 is formed of 
the same material as that of the gate electrode 3 a. 
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[0102] In the first embodiment, ions implanted into the poly-silicon film 
constituting the semiconductor layer la and the gate electrode 3a may be activated by 
annealing the first interlayer insulating film 41 at about 1000 degrees centigrade. 

[0103] On the fourth layer, provided is the data line 6a. The data line 6a is formed 
as a film having a triple-layer structure of an aluminum layer (refer to numeral 41 A of FIG. 
6), a nitride titanium layer (refer to numeral 41TN of FIG. 6), and a nitride silicon film layer 
(refer to numeral 401 of FIG. 6) in this order firom bottom. The nitride silicon film is 
pattemed to have a bit larger size so as to cover the aluminum layer and nitride titanium layer, 
which are lower layers. The supply of image signals to the TFT 30 and the pixel electrode 9a 
is achieved without delay since the data line 6a includes aluminum, which is a material 
having relatively low electrical resistance. Meanwhile, the nitride silicon film, which is 
relatively advantageous for avoiding the penetration of water, is formed in the data line 6a. 
The moisture resistance of the TFT 30 therefore can be improved such that the life of the 
device can be prolonged. The nitride silicon film is desirably a plasma nitride silicon film. 

[0104] On the fourth layer, formed are a relay layer 6al for capacitance wiring and 
the second relay electrode 6a2 that are formed of the same film as the data line 6a. As shown 
in FIG. 5, these elements are not formed so as to have a planar shape contiguous with the data 
lines 6a but formed so as to be separated fi-om the data lines 6a in the patterning when viewed 
fi-om above. For example, when attention is focused on one of the data lines 6a that is located 
in most-left in FIG. 5, the relay layer 6al for capacitance wiring of a generally quadrate shape 
is formed just right thereto, and right to the relay layer 6al, formed is the second relay 
electrode 6a2 of a generally quadrate shape having a bit larger area than that of the relay layer 
6al for capacitance wiring. 

[0105] Incidentally, the relay layer 6al for capacitance wiring and the second relay 
electrode 6a2 are formed of the same film as that of the data line 6a so as to have a triple- 
layer structure of an aluminum layer, a nitride titanium layer, and a plasma nitride film layer 
in this order fi^om bottom. The plasma nitride film is pattemed to have a bit larger size so as 
to cover the aluminum layer and nitride titaniimi layer, which are lower layers. The nitride 
titanixmi layer functions as a barrier metal for preventing punch-through of etching of contact 
holes 803 and 804 (to be described later) that are formed for the relay layer 6al for 
capacitance wiring and the second relay electrode 6a2. The nitride silicon film is relatively 
advantageous for avoiding the penetration of water. The moisture resistance of the TFT 30 
therefore can be improved such that the life of the device can be prolonged. Such a nitride 
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silicon film is formed over the formation area of the data line 6a as well as over that of the 
relay layer 6al for capacitance wiring and the second relay layer 6a2 such that the total area of 
the nitride silicon film relatively increases. Thus, the advantageous effect of preventing the 
penetration of water is more effectively achieved. 

[01061 Over the storage capacitor 70, and under the data line 6a, formed is the 
second interlayer insulating film 42 that is composed of, for example, a film of silicate glass 
such as NSG, PSG, BSG, and BPSG, a nitride silicon film, and an oxide sihcon film, or is 
preferably formed by a plasma CVD method employing TEOS gas. In the second interlayer 
insulating film 42, the contact hole 81 electrically interconnecting the highly-doped source 
region Id of the TFT 30 and the data line 6a is formed, while a contact hole 801 electrically 
interconnecting the relay layer 6al for capacitance wiring and the capacitor electrode 300 that 
is an upper electrode of the storage capacitor 70. Furthermore, in the second interlayer 
insulating film 42, formed is the contact hole 882 electrically interconnecting the second relay 
electrode 6a2 and the relay electrode 719. 

[0107] Meanwhile, the annealing treatment, which is implemented for the first 
interlayer insulating film 41, may not be implemented for the second interlayer insulating film 
42, and thereby the stress caused in the vicinity of the boundary of the capacitor electrode 300 
may be relieved. 

[0108] On the fifth layer, there is provided the capacitance wiring 400. The 
capacitance wiring 400 is formed on the third interlayer insulating film 43. The surface of the 
third interlayer insulating film 43 may be planarized by implementing planarizing treatment 
such as CMP (Chemical Mechanical Polishing) treatment. As shown in FIG. 5, the 
capacitance wirings 400 are formed in a lattice manner so as to be extended along X and Y 
directions in the drawing when viewed firom above. Specifically, the portion extending along 
Y direction in the drawing, of each capacitance wiring 400, is formed in a manner of covering 
each data line 6a, and have a larger width than that of the data line 6a. Meanwhile, the 
portion extending along X direction in the drawing has a cut part near the center of a side of 
each pixel electrode 9a in order to ensure the area where a third relay electrode 402 to be 
described later is formed. 

[0109] Furthermore, in FIG. 5, at comer parts of the intersection of the capacitance 
wirings 400 extending along X and Y directions, generally triangular portions are provided so 
as to cover the comer parts. Providing the generally triangular portions for the capacitance 
wiring 400 enables light shielding for the semiconductor layer la of the TFT 30 to be 
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effectively achieved. Namely, light entering the semiconductor layer la from obliquely above 
is reflected or absorbed at the generally triangular portions so as not to reach the 
semiconductor layer la. The generation of light leakage current therefore is suppressed such 
that high quality image without flicker and so on can be displayed. 

[0110] The capacitance wiring 400 is extended from the image display area 10a 
where the pixel electrodes 9a are disposed, to the periphery thereof, and is electrically 
connected to a constant potential source so as to be set to fixed-potential (refer to details 
about a pad 404P to be described below). 

[0111] Thus, owing to the capacitance wirings 400, which are formed in a manner 
of covering the whole of the data lines 6a and are set to fixed potential, the effect of 
capacitance coupling caused between the data lines 6a and the pixel electrodes 9a can be 
eliminated. Namely, the situation where the potential of the pixel electrodes 9a changes in 
response to energization to the data lines 6a can previously be avoided. Accordingly, the 
generation of display unevenness along the data lines 6a on the image can be reduced. 
Especially in the first embodiment, with regard to the part where the scanning lines 11a 
extend also, unnecessary capacitance coupling can be suppressed since the capacitance 
wirings 400 are formed in a lattice manner. 

[0112] In the fourth layer, the third relay electrode 402 is formed of the same film as 
that of the capacitance wiring 400. The third relay electrode 402 has a fimction to relay the 
electrical connection between the second relay electrode 6a2 and the pixel electrodes 9a 
through contact holes 804 and 89 to be described below. The capacitance wiring 400 and the 
third relay electrode 402 are not formed in a manner of being contiguous with each other in a 
planar shape but formed so as to be separated form each other in the patteming. 

[0113] Meanwhile, the capacitance wiring 400 and the third relay electrode 402 
have a double-layer stmcture of an aluminum layer as a lower layer and a nitride titanium 
layer as an upper layer. Thus, the capacitance wiring 400 and the third relay electrode 402 
include aluminum, which has a relatively superior light reflection ability, and a nitride 
titanium, which has a relatively superior light absorption ability. They therefore can fimction 
as a light shielding layer. Namely, according to this, incident light to the semiconductor layer 
la of the TFT 30 (refer to FIG. 6) can be interrupted above the semiconductor layer la. 

[0114] Especially in the first embodiment, the pad 404P is formed in the peripheral 
area as shown in FIGs. 7 and 8. The pad 404P is formed of the same film as that of the 
capacitance wiring 400 and the third relay electrode 402 (they may be referred to £is the 
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capacitance wiring 400 and so on in all hereinafter). Thus, as with the capacitance wiring 400 
and so on, the pad 404P has a double-layer structure of an aluminum layer as a lower layer 
and a nitride titanium layer as an upper layer. The pad 404P and the capacitance wiring 400 
and so on are formed in a manner of being separated from each other in a patteming although 
they are formed of the same film, 

[0115] The pad 404P constitutes a part of each connection terminal 102 for extemal 
circuit that has been described referring to FIGs. 1 and 2. Specifically, an opening 44H 
communicating with the pad 404? is formed in the fourth interlayer insulating film 44 to be 
described below that is formed over the pad 404? so as to expose the top surface of the pad 
404? to outside, and thereby the connection terminal 102 for extemal circuit is formed. 
Especially in the first embodiment, the surface of the fourth interlayer insulating film 44 is 
planarized by implementing planarizing treatment such as CM? (Chemical Mechanical 
Polishing) treatment. 

[0116] As the above, the surface of the pad 404? is exposed by opening the fourth 
interlayer insulating film 44 in the first embodiment. The smaller the thickness of the fourth 
interlayer insulating film 44 is, becomes the smaller the difference in level between the 
surface of the fourth interlayer insulating film 44 (it corresponds to one example of 
uppemiost surface of stack structure in the invention) and that of the pad 404?, such that the 
generation of shavings during rubbing can be reduced. Referring to FIG. 8, the thickness of 
the fourth interlayer insulating film 44 is smaller than that of the third interlayer insulating 
film 43, while the surface of the fourth interlayer insulating film 44 is located at almost same 
level as that of the surface of the pad 404P. 

[0117] Meanwhile, in regard to the height of stack structure of the peripheral area 
where the pad 404? is formed, namely the whole thickness from the substrate 10, the 
following feature is contrived, too. Beneath the pad 404? in FIG. 8, the third interlayer 
insulating film 43, the wiring 6a?, the second interlayer insulating film 42, a dummy storage 
capacitor 70?, the first interlayer insulating film 41, a dummy gate electrode 3a?, the 
underlayer insulating film 12, and a dummy scanning line 1 la? are formed in this order from 
above. 

[0118] Among these elements, the insulating films 43, 42, 41, and 12 are the same 
as those described in FIG. 6 (the same applies to the fourth interlayer insulating film 44). The 
dummy storage capacitor 70?, the dummy gate electrode 3a?, and the dummy scanning line 
1 la? are formed of the same films as those of the storage capacitor 70, the gate electrode 3a, 
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and the scanning line 11a, respectively. For example, the dummy storage capacitor 70P has a 
multi-layered structure including elements each corresponding to the lower electrode 71, the 
capacitor electrode 300, and the dielectric film 75, which constitute the storage capacitor 70. 
Almost same applies to another elements. With regard to the thickness of each of elements 
such as interlayer insulating films and electrodes, the elements in the peripheral area has the 
same thickness as that of the elements in the image display area. Thus, if elements 
corresponding to the elements formed in the image display area 10a (namely, elements 
corresponding to the elements with numerals 6aP, 70P, 3aP, 1 laP) are formed in the 
peripheral area also, adjustment for generally equalizing the whole height of a stack structure 
of the peripheral area and that of the image display area 10a, and so on, can be implemented. 

[0119] The dummy scarming line 1 laP and so on has almost same planar shape as 
that of the pad 404P as shown in FIG, 7. The dummy storage capacitor 70P, the dummy gate 
electrode 3aP, the dummy scanning line 11a, etc. all have the same shape (In FIG. 7, common 
numeral "DP" is given to the outer shape of the dummy scanning line 1 laP and so on). 
Although the dummy gate electrode 3aP, the dummy storage capacitor 70P, and so on are 
formed of the same films as those of the gate electrode 3 a, the storage capacitor 70, and so on, 
the both (namely, dummy elements in FIG. 8 and elements each corresponding to those in 
FIG. 6), however, are formed in a manner of being separated firom each other in a patteming. 
The both therefore are not electrically connected to each other. The terms "gate electrode", 
"storage capacitor", and so on of the dummy gate electrode 3aP, the dummy storage capacitor 
70P, and so on are used for indicating that the dummy elements are formed of the same films 
as those of the gate electrode 3a, the storage capacitor 70, and so on. These terms do not 
indicate that the dummy elements actually fimction as a gate electrode, an storage capacitor, 
and so on. 

[0120] Meanwhile, the wiring 6aP among the above elements is formed of the same 
film as that of the data line 6a and contributes to the level adjustment of the pad 404P, as with 
the dummy gate electrode 3aP and so on. Besides, the wiring 6aP assumes a particular 
fimction in the first embodiment. The wiring 6aP includes an aluminum layer (refer to 
numeral 41 A in FIG. 6) and a nitride titanium layer (refer to numeral 41TN in FIG. 6) in this 
order fi-om bottom, as with the data line 6a. Meanwhile, with regard to the nitride silicon film 
layer (refer to numeral 401 in FIG. 6), it is removed with patteming treatment 
(photolithography process and etching process) after the precursor film thereof is formed. 
The wiring 6aP is electrically connected to the pad 404P through contact holes 43H formed in 
the third interlayer insulating film 43. 
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[0121] Thus, the wiring 6aP assumes a function to transmit signals sent from 
various external circuits connected to the connection terminals 102 for extemal circuit and the 
pad 404P, which is a part of the connection terminal 102, to various elements (for example, 
the TFTs 30) constituting the electro-optical device. Accordingly, some of the wiring 6aP 
that correspond to any of the plurality of connection terminals 102 for extemal circuit shown 
in FIG. 1 are formed so that data lines 6a can electrically be connected thereto. 

[0122] Especially in the first embodiment, the disposition relationship between the 
contact holes 43H and the opening 44H is determined as below. The pad 404P is formed in a 
generally quadrate shape when viewed from above as shown in FIG. 7. The opening 44H is 
formed so that the shape thereof when viewed from above is generally similar to that of the 
pad 404P. The area of the former, however, is larger than that of the latter. Namely, the 
opening area of the opening 44H is smaller than the area of the pad 404P. Meanwhile, the 
plurality of contact holes 43H is formed in a manner of surrounding the opened portion of the 
opening 44H and along the circumference shape of the pad 404P. 

[0123] The contact holes 43H are preferably formed at the same time as the contact 
holes 803 and 804 are formed. The opening 44H is preferably formed at the same time as the 
contact hole 89 is formed. 

[0124] Over the data lines 6a, and under the capacitance wiring 400 and the pad 
404P, formed is the third interlayer insulating film 43 that is composed of, for example, a film 
of silicate glass such as NSG, PSG, BSG, and BPSG, a nitride silicon film, and an oxide 
silicon film, or is preferably formed by a plasma CVD method emplojdng TEOS gas. In the 
third interlayer insulating film 43, the contact hole 803 for electrically interconnecting the 
capacitance wiring 400 and the relay layer 6a 1 for capacitance wiring is formed, and the 
contact hole 804 for electrically interconnecting the third relay electrode 402 and the second 
relay electrode 6a2 is formed. 

[0125] The pixel electrodes 9a are formed in a matrix on the sixth layer, and the 
alignment film 16 is formed over the pixel electrodes 9a. Under the pixel electrodes 9a, 
formed is the fourth interlayer insulating film 44 that is composed of a film of silicate glass 
such as NSG, PSG, BSG, and BPSG, a nitride silicon film, an oxide silicon film, and the like, 
or is preferably composed of a NSG. In the fourth interlayer insulating fihn 44, formed is the 
contact hole 89 for electrically interconnecting the pixel electrode 9a and the third relay 
electrode 402. As a result, the pixel electrode 9a and the TFT 30 are electrically connected to 
each other through the contact hole 89, the third relay layer 402, the contact hole 804, the 
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second relay layer 6a2, the contact hole 882, the relay electrode 719, the contact hole 881, the 
lower electrode 71, and the contact hole 83. The surface of the fourth interlayer insulating 
film 44 is planarized by implementing planarizing treatment such as CMP treatment as 
described above so as to reduce orientation defect of the liquid crystal layer 50 that is caused 
by step formed of various kinds of wiring and elements existing beneath the fourth interlayer 
insulating film 44. 

[0126] The alignment film 16 is formed above the pad 404P. When a terminal of a 
FPC (Flexible Printed Circuit) substrate is coupled to the pad 404P, the terminal of the FPC 
substrate bursts through the alignment film 16, ensuring electrical connection. This electrical 
connection is preferably established with a method using an ACF (Anisotropic Conductive 
Film). Otherwise, the alignment film 16 may be removed at least after the TFT array 
substrate 10 is joined to the coimter substrate 20, and before the FPC substrate is pressure- 
bonded to be fixed. 

[0127] According to the electro-optical device of the first embodiment having the 
above structure, the following advantageous effects are achieved, especially in regard to the 
pad 404P and the connection terminals 102 for extemal circuit and so on, which have been 
described as the structure of the fifth layer. 

[0128] First, the surface of the pad 404P is positioned as almost same level as that 
of the surface of the fourth interlayer insulating film 44 even though the level difference due 
to the thickness of the fourth interlayer insulating film 44 exists. Thus, even if the alignment 
film 16 is formed above such a structure, concern that steep concavity and convexity are 
formed in the alignment film 16 corresponding to the formation area of the connection 
terminal 102 for extemal circuit (refer to FIG. 8). According to the first embodiment, 
therefore, the generation of shavings due to the concavity and convexity can be prevented 
when rubbing is implemented for the alignment film 16. Furthermore, this enables higher 
quality image to be displayed. 

[0129] Such advantageous effects are assisted by the following structures and so on 
in the first embodiment especially. First, the pad 404P in the first embodiment is formed of 
the same film as that of the capacitance wiring 400, and the capacitance wiring 400 is formed 
just beneath the pixel electrode 9a (namely, with interposing only the fourth interlayer 
insulating film 44) as shown in FIG. 6. Accordingly, the pad 404P is also formed on the layer 
just beneath the pixel electrode 9a in the stack structure as shown in FIG. 8 such that the 
surfaces of the pad 404P and the fourth interlayer insulating film 44 can more adequately be 
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positioned at the same level. Second, in the first embodiment, various kinds of dummy films 
such as dummy scanning Une 1 laP are formed beneath the pad 404P, and thereby the pad 
404P can be positioned at higher level in the stack structure for the inherent "height" of the 
dummy films. Without the dummy films, the thickness of the interlayer insulating film 44 
should be increased for the thickness of the dummy films in order to planarize the interlayer 
insulating film 44 fi-om the pixel region to the peripheral region. Thus, the difference in level 
between the surfaces of the pad 404P and the fourth interlayer insulating film 44 becomes 
large. According to the first embodiment, the surfaces of the pad 404P and the fourth 
interlayer insulating fihn 44 can more adequately be positioned at same level. As a result, the 
following advantageous effects are more surely achieved steps are not generated in the 
alignment film 16, the extent of rubbing can be kept constant when rubbing is implemented 
for the alignment film 16, and shavings of the alignment film 16 are not generated. 

[0130] The second advantageous effect achieved by the electro-optical device of the 
first embodiment is that various signals supplied fi-om extemal to the pad 404P can stably be 
supplied to the TFTs 30 and so on through the wiring 6aP since the connection terminal 102 
for extemal circuit and the surrounding thereof have a structure where the opening 44H, the 
pad 404P, the contact hole 43H, and the wiring 6aP are formed in this order fi:om above in 
FIG. 8. The pad 404P is formed on a higher layer in the stack structure as shown in FIG. 8, 
while the TFTs 30 and so on a lower layer in the stack structure as shown in FIG. 6. A 
relatively deep contact hole therefore needs to be formed in order to directly interconnect 
them. In the first embodiment, however, the contact hole 43H is a relatively shallow contact 
hole since the dummy scanning line 1 laP, the dummy gate electrode 3aP, and the dummy 
storage capacitor 70P exist. Especially in the case where the surface of the third interlayer 
insulating film 43 is planiarized, if these dummy films do not exist, the thickness of the 
interlayer insulating film 43 increases for the total thickness of the dummy films such that the 
depth of the contact hole 43H becomes larger. In the first embodiment, the electrical 
connection between the pad 404P and the wiring 6aP can be established with the contact hole 
43H that is relatively shallow, and the electrical connection between the wiring 6aP and the 
TFT 30 can be established with another relatively shallow contact hole. Signals therefore can 
stably be supplied fi-om the pad 404P to the TFT 30 and so on. Especially, since such a 
relatively deep contact hole is not required, achieved is a great advantageous effect that the 
manufacturing time of the electro-optical device can be shortened. 

[0131] Third, the following advantageous effect is achieved owing to the 
disposition relationship between the openings 44H and 43H, and the pad 404P. Namely, in 
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the first embodiment, as shown in FIG. 7, the structure is reaUzed where the exposed surface 
of the pad 404P corresponding to the opened shape of the opening 44H exists, and the contact 
holes 43 are formed surrounding the periphery of the exposed surface, and furthermore the 
peripheral part of the pad 404P exists to surround the outer circumference of the contact holes 
43, in this order from above. According to such a structure, in the case where wet etching is 
utilized for forming the opening 44H, concem that the used etchant reaches the contact hole 
43H so as to cause a damage such as breaking can extremely be reduced. 

[0132] Such advantageous effects will be described using an explanatory diagram of 
FIG. 9. FIG. 9 is a sectional view having the same purpose as that of FIG. 8, and especially is 
a diagram showing the disposition relationship of the opening 44H, the pad 404P, and the 
contact holes 43H. FIG. 9 (a) shows the electro-optical device of the first embodiment, and 
FIG. 9 (b) a comparative example thereof. 

[0133] First, referring to FIG. 9 (b) showing a comparative example, the opening 
area of the opening 44H' is the same as the area of the pad 404P', and the contact holes 43H' 
are formed along the peripheral part of the pad 404P'. In such a structure, when wet etching 
is utilized for forming the opening 44H% the etchant passes through from the comer of 
bottom of the opening 44H' and along a side surface of the pad 404P' (the both exist on the 
common surface) so as to easily reach the contact hole 43H\ In this case, therefore, concem 
that the contact hole 43H' corrodes with the etchant is extremely large, and possibility that 
damage, such as breaking is caused is also large. 

[0134] In the first embodiment, as shown in FIG. 9 (a), the area of the opening 44H 
is smaller than that of the pad 404P, and the contact holes 43H are formed along the 
peripheral part of the pad 404P. According to this, the path length of the etchant passing 
through from the comer of bottom of the opening 44H to reach the contact hole 43H is 
extremely lengthened compared to the previous example. Namely, in this case, the etchant 
needs to pass through on the surface of the pad 404P from the side surface of the opening 
44H to the edge of the pad 404P in order to reach the contact hole 43H (refer to a fiiU line 
arrowhead in FIG. 9 (a)). Thus, in the first embodiment, the pad 404P fimctions as a so- 
called stopper for the etchant such that the situation where the etchant reaches the contact 
hole 43H (refer to a dashed line arrowhead in FIG. 9 (a)) is hardly caused. 

[0135] In the first embodiment, therefore, even in the case where wet etching is 
implemented in forming step of the opening 44H and so on, concem that the etchant used for 
the wet etching reaches the contact hole 43H so as to cause a damage such as breaking thereof 
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can extremely be reduced. Conversely, if the structure according to the first embodiment is 
adopted, the electrical connection between the pad 404P and the wiring 6aP can more surely 
be established. 

[01361 A second embodiment of the invention will be described referring to 
FIGs. 10 and 11. Although FIGs. 10 and 1 1 are diagrams having the same purposes as those 
of FIGs. 7 and 8, respectively, but are different therefrom in that a thickness controlling fibn 
9aP (it is simply referred to as controUing film 9aP hereinafter) formed of the same film as 
that of the pixel electrode is formed. FIG. 10 is a plan view, and FIG. 1 1 is a sectional view 
of P2-P2' line of FIG. 10. The second embodiment includes many same features as those of 
the above "electro-optical device" in regard to the structure and operation (especially, the 
stmcture of the pixel unit and so on). The description about these features therefore will be 
omitted, and explanation will be added in regard to only features that are distinguishing in the 
second embodiment. The same numerals as those of FIGs. 7 and 8 are used for FIGs. 10 and 
11 as long as they indicate elements that are not essentially different from those shown in 
FIGs. 7 and 8. 

[0137] In the second embodiment, each of connection terminals 102 A for external 
circuit includes the controlling film 9aP formed of the same film as that of the pixel 
electrodes 9a as shown in FIGs. 10 and 1 1 . The controlling film 9aP is formed in a manner of 
covering the whole of the opening 44H, namely covering the whole of the pad 404P. 

[0138] It is clear that, in the second embodiment also, the same advantageous 
effects as those of the first embodiment are achieved in a generally same way. Besides, in the 
second embodiment especially, the controlling film 9aP is formed such that the surfaces of 
the connection terminals 102 A for extemal circuit and the fourth interlayer insulating film 44 
can be positioned at almost same level by utilizing the thickness of the dummy pixel electrode 
9aP. 

[0139] In the first embodiment, the alignment film 16 deposited on the top layer of 
the stack stracture should be directly brought into contact with the pad 404P, while in the 
second embodiment, the alignment film 16 is brought into contact with the controlling film 
9aP (refer to FIG. 11). In the case where the pad 404P includes, for example, aluminum as 
described above, it is contemplated that the adhesion between the pad 404P and the alignment 
film 16 is inferior to that between the controlling film 9a and the alignment film 16. 
Conversely, the adhesion for the alignment film 16 can be improved in the second 
embodiment. According to the second embodiment, therefore, the generation of shavings of 
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the alignment film 16 when implementing rubbing for the alignment film 16 can be further 
prevented. 

[0140] The alignment film 16 is shown in FIG. 1 1 . As with the first embodiment, 
when a terminal of a FPC substrate is coupled to the pad 404P, the terminal of the FPC 
substrate breaks through the alignment film 16, ensuring electrical connection. The 
alignment film 16 is removed by implementing O2 plasma treatment before pressure-bonding 
the FPC substrate to fix it. The same applies to the following embodiments. 

[0141] A third embodiment of the invention will be described referring to FIGs 12 
and 13, FIGs. 12 and 13 are diagrams having the same purposes as those of FIGs. 7 and 8, 
respectively, but are different fi-om them in that the whole surface of the pad 404P is exposed. 
FIG. 12 is a plan view, and FIG. 13 is a sectional view of P3-P3' line of FIG. 12. The third 
embodiment includes many same features as those of the above electro-optical device, 
especially in regard to the structure of the pixel unit. The description about these features 
therefore will be omitted, and explanation will be added in regard to only features that are 
distinguishing in the third embodiment. The same numerals as those of FIGs. 7 and 8 are 
used for FIGs. 12 and 13 as long as they indicate elements that are not essentially different 
fi-om those shown in FIGs. 7 and 8. 

[0142] In the third embodiment, as shown in FIGs. 12 and 13, the fourth interlayer 
insulating film over the pad 404P is eliminated, and only a fourth interlayer insulating film 
441 remains at the sides of the pad 404P. Accordingly, the opening 44H, which is shown in 
FIG. 8 and so on, does not exist. Thus, the connection terminals 1 02B for external circuit do 
not have a structure where the pad 404P is exposed from the opening 44H but have a structure 
the pad 404P itself is located at the top layer of the stack structure to be exposed to outside. 
Such a structure can be manufactured by carrying forward planarizing treatment, such as 
CMP treatment, for the formation area of the pad 404P. 

[0143] It is clear that, in the third embodiment also, the same advantageous effects 
as those of the first embodiment are achieved in a generally same way. Besides, especially in 
the third embodiment, the area of the connection terminal 102B for external circuit has almost 
completely planarity as is apparent from the drawing. Accordingly, situation where shavings 
of the alignment film 16 are generated due to rubbing for the alignment film 16, and so on can 
more surely be avoided. In the case where CMP treatment is utilized as described above to 
realize the structure shown in FIG. 13, the pad 404P can be utilized for detection of ending 
point of the CMP treatment. Namely, the time when CMP treatment is completed can be 
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determined based on whether the pad 404P is exposed or not such that special features for 
detection of ending point are unnecessary, leading to advantage in manufacturing. 

[0144] In the third embodiment, the following consideration is preferably given for 
the pixel unit shown in FIG. 6. Namely, in the third embodiment, the capacitance wiring 400, 
which is formed of the same film as that of the pad 404P, is also exposed to outside since the 
fourth interlayer insulating film 44 over the pad 404P is eliminated. This, however, gives rise 
to the possibility that short-circuit between the pixel electrode 9a and the capacitance wiring 
400 is caused when the pixel electrodes 9a are formed over the structure (refer to the pixel 
electrode 9a over the edge part of the capacitance wiring 400 in the left side of FIG. 6). 

[0145] In the pixel xmit according to the third embodiment, therefore, steps due to 
various elements are preferably left as shown in FIG. 14 for example, instead of 
implementing planarizing treatment for the third interlayer insulating film 43 and so on 
beneath the capacitance wiring 400, and implementing planarizing by burying the data line 6a 
and so on. According to this, although the capacitance wiring 400 is also exposed to outside 
if CMP treatment and so on is implemented for the fourth interlayer insulating film 44 in 
order to expose the pad 404P to outside, short-circuit between the capacitance wiring 400 and 
the pixel electrode 9a can be avoided since the part related to exposure of the capacitance 
wiring 400 mainly exists in only place keeping out of the pixel electrodes 9a in a plan view. 
In this case, the capacitance wiring 400 and the pixel electrode 9a are preferably formed in a 
manner of not overlapping with each other completely in a plan view instead of overlapping 
with each other in a plan view. Specifically, the capacitance wiring 400 is preferably formed 
so that the width thereof is a bit smaller than that shown in FIG. 5. Even if the portion 
overlapping with each other in a plan view exists, however, short-circuit between the 
capacitance wiring 400 and the pixel electrode 9a may be not caused in some cases as shown 
by numeral M in FIG. 14. 

[0146] A fourth embodiment of the invention will be described referring to FIGs. 15 
through 18. FIGs. 15 and 16 are diagrams having the same purposes as those of FIGs. 7 and 
8, respectively, but are different fi-om them in the form of contact holes formed in the fourth 
interlayer insulating film 44. FIG. 15 is a plan view, and FIG. 16 is a sectional view of 
P4-P4' line of FIG. 16. FIG. 17 shows a deformation form of FIG. 15, and FIG. 18 a 
deformation form of FIG. 16. The fourth embodiment includes many same features as those 
of the above electro-optical device (in regard to the structure of the pixel unit). The 
description about these features therefore will be omitted, and explanation will be added in 
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regard to only features that are distinguishing in the fourth embodiment. The same numerals 
as those of FIGs. 7 and 8 are used for FIGs. 15 through 18 as long as they indicate elements 
that are not essentially different from those shown in FIGs. 7 and 8. 

[0147] In the fourth embodiment, as shown in FIGs. 15 and 16, each of connection 
terminals 102C for external circuit includes contact holes 44 J having a relative small opening 
area instead of the opening 44H in FIG. 8 and so on. A plurality of contact holes 44J is 
formed in a manner of being dispersed evenly, specifically in a matrix, within the formation 
area of the pad 404P as shown in FIG. 15. In the fourth embodiment, opening diameters D of 
the contact holes 44J at the top surface of the fourth interlayer insulating film 44 are the same, 
and are 5 micro meters or less for example. The shape thereof is a square or circular shape. 
The contact holes 44J may be formed using only dry etching or wet etching, or may be 
formed using combination of dry and wet etching. 

[0148] In the fourth embodiment, on the premise of the above structure, a thickness 
controlling film 9aQ (it is simply referred to as controlling film 9aQ hereinafter) formed of 
the same film as that of the pixel electrodes 9a is formed over the pad 404P as with the 
second embodiment, in a manner of filling the contact holes 44J. The controlling film 9aQ 
corresponds to one example of conductive film in the third electro-optical device of the 
invention. 

[0149] In the fourth embodiment, for example, compared to the case where the 
opening area of the opening 44H is almost equal to the area of the pad 404P (refer to FIGs. 10 
and 1 1 for example), the controlling film 9aQ hardly drops down toward the bottom of the 
contact holes 44J. Namely, in such a structure, the contact holes 44J play a so-called pillar- 
like role in the relation with the controlling film 9aQ formed over the fourth interlayer 
insulating film 44, and thereby the level of the surface of the controlling film 9aQ can nearly 
be equalized to that of the fourth interlayer insulating film 44. Accordingly, even if the 
alignment film 16 is formed over the structure (namely, over the controlling film 9aQ), 
concem that concavity and convexity are formed in the surface of the alignment film 16 is 
fiirther reduced, such that possibility that shavings of the alignment film 16 are generated due 
to rubbing for the alignment film 16 is extremely reduced. 

[0150] In the fourth embodiment also, in the case where wet etching is implemented 
for forming the contact holes 44J, the same advantageous effect as that described with 
reference to FIG. 9 in the first embodiment is achieved. The reason is that the contact holes 
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44 J according to the fourth embodiment are also formed inside the formation area of the 
second contact hole 43H as with the opening 44H. 

[0151] In the fourth embodiment especially, such advantageous effects can more 
surely be achieved since the contact holes 44J are dispersed in a matrix, and the opening 
diameters D of the contact holes 44J are 5 micro meters or less. Because such a structure 
enables the contact holes 44J to play the pillar-like role more effectively. 

[0152] With regard to the fourth embodiment, the invention can adopt various 
forms different from those of FIGs. 15 and 16. For example, the contact holes 44J may be 
dotted checker- wise as shown in FIG. 17, or may be dotted in a line or lattice manner. 
Otherwise, the contact holes 44J may be dotted in a quadrate maimer along inside of the 
contact holes 43H. It is only necessary for the contact holes 44J to lower contact resistance, 
the number of contact holes therefore is preferably decreased to the utmost. Although in the 
above, only contact holes formed over the pad 404P are dotted within the range of the 
formation area of the pad 404P, the same concept may also be applied to contact holes for 
electrically interconnecting the pad 404P and the wiring 6aP as shown in FIG. 18. Namely, in 
this structure, contact holes 43 J electrically interconnecting the pad 404P and the wiring 6aP 
instead of the contact holes 43H in FIG. 8 and so on are formed. The contact holes 43 J are 
formed in a manner of being dotted within the range of formation area of the pad 404P. 
According to such a structure, in the relation between the third interlayer insulating film 43 
and the pad 404P formed over the third interlayer insulating film 43 also, almost same 
advantageous effects as those obtained in the relation between the fourth interlayer insulating 
film 44 and the controlling film 9aQ can be achieved. 

[0153] A fifth embodiment of the invention will be described referring to FIGs 19 
and 20. FIGs. 19 and 20 are diagrams having the same purposes as those of FIGs. 7 and 8, 
respectively, but are different from them in that the contact holes 43H are not formed in the 
third interlayer insulating film 43. FIG. 19 is a plan view, and FIG. 20 is a sectional view of 
P5-P5' line of FIG. 19. The fifth embodiment includes many same features as those of the 
above electro-optical device, especially in regard to the stmcture of the pixel section. The 
description about these features therefore will be omitted, and explanation will be added in 
regard to only features that are distinguishing in the fifth embodiment. The same numerals as 
those of FIGs. 7 and 8 are used for FIGs. 19 and 20 as long as they indicate elements that are 
not essentially different from those shown in FIGs. 7 and 8. 
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[0154] In the fifth embodiment, as shown in FIGs. 19 and 20, each of connection 
teraiinals 102D for external circuit does not include the contact holes 43H, which are formed 
between the wiring 6aP and the pad 404P in FIG. 8 and so on. In FIGs. 19 and 20, therefore, 
wiring (6aP) does not exist, instead a dummy data line 6aQ exists. Specifically, in FIGs, 19 
and 20, although the dummy data line 6aQ formed of the same film as that of the data line 6a 
exists, signals are not sent to the dummy data line 6aQ from a pad 404Q. The dummy data 
Hne 6aQ in this case therefore does not have a function as wiring although it is an element for 
increasing height in the stack structure of the pad 404Q as with the dummy scanning line 
llaP and so on. 

[0155] Altematively, the pad 404Q plays a role of the wiring 6aP in the fifth 
embodiment. Namely, as shown in FIG. 19, wiring 404R extending toward the right direction 
in the drawing is extended from the pad 404Q. The wiring 404R, which is not shown in the 
drawings hereinafter, is electrically connected to the data Hne 6a, the TFT 30, and so on, 
which are formed in the image display area 10a, eventually. Besides, the wiring 404R can be 
extended to the capacitance wiring 400 connecting to the storage capacitor 70 electrically 
connected to the pixel electrode 9a and the TFT 30 as is clear from comparison with FIG. 6. 
In the fifth embodiment, not only that the pad 404Q and the wiring 404R are formed of the 
same film as that of the capacitance wiring 400 (on this point, same as the previous 
embodiments), but also that at least some of the pads 404Q and the wirings 404R (at least 
some is based on the premise that a plurality of connection terminals 102D for extemal circuit 
exists (a plurality of pads 404Q exists) (refer to FIG. 1)) are extended and electrically 
connected to the capacitance wirings 400. 

[0156] In the fifth embodiment, there is no need to utilize the contact holes 43H and 
so on for electrically interconnecting a pad and wiring xmlike the previous embodiments. In 
the fifth embodiment, therefore, when signals are supplied to the wiring 404R and the 
capacitance wiring 400 from the pad 404Q, the signals can stably be supplied without 
disadvantage that the signals are weakened by the resistance of the contact holes 43H, and so 
on. Especially in the case where the capacitance wiring 400 to be connected or extended to 
the capacitor electrode 300 (refer to FIG. 6) is formed of the same film as that of the pad 
404Q included in the connection terminal 102D for extemal circuit, and is extended to the 
pad 404Q, as the fifth embodiment, stable capacitance potential can be supplied to the 
capacitance wiring 400 and thus the capacitor electrode 300. The capacitance potential is 
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generally set to a given constant value. This extremely reduces concern that horizontal cross- 
talk is caused on images due to fluctuation of the capacitance potential, and so on. 

[0157] In the invention, the fifth embodiment and the above first through fourth 
embodiments can be realized in one electro-optical device. Namely, a plurality of connection 
terminals for external circuit is provided generally as shown in FIG. L Some of the terminals 
may employ the structure of the fifth embodiment and others may employ the structure of any 
of the first through fourth embodiments. 

[0158] In the above embodiments, the structure related to the pad 404P and so on 
included in the connection terminal for extemal circuit has been explained exclusively. The 
present invention, however, is not limited to such a form. For example, the embodiments can 
also be appUed to the vertical conduction terminals 106, which have been described referring 
to FIGs. 1 and 2, in a similar way. The vertical conduction terminals 106 have a sectional 
structure shown in FIG, 21 (refer to the relevant part in FIG. 2) for example in particular. 

[0159] Referring to FIG, 21, each of vertical conduction terminals 106 can include a 
pad 406 and an opening 44H2 formed over the pad 406. A conductive particle 107 made by 
mixing silver pigment and the like into a paste medium is provided over the pad 406 to fill 
the opening 44H2. The conductive particle 107 is disposed so that one side thereof makes 
contact with the pad 406 and the other side thereof makes contact with the counter electrode 
21 formed over the counter substrate 20. This allows the pad 406 and the counter electrode 
21 to be invariably kept at the same potential, and especially a given constant potential and so 
on can be supplied from the pad 406 to the counter electrode 21. The conductive particle 107 
is mixed into the sealing material 52 provided to join the TFT array substrate 10 and the 
counter substrate 20 (refer to FIGs. 1 and 2). 

[0160] The vertical conduction terminals 106 have almost same structure as that of 
the connection terminals 102 for extemal circuit and so on as is cleat from comparison 
between FIGs. 8 and 21, and assumes the similar fimction to expose an electrode to outside of 
the electro-optical device so that signals and so on are supplied thereto. Accordingly, various 
structures described in the embodiments can also be applied to the vertical conduction 
terminals 106 basically, and if applied, almost same advantageous effects as those obtained 
for the connection terminals 102 for extemal circuit can be achieved. 

[0161] Referring to FIG. 21, the dummy gate electrode 3aQ and the dummy 
scanning line 1 laQ are formed as third dummy film in the present invention, but the dummy 
storage capacitor 70P and so on shown in FIG. 8 and so on are not formed. This is an 
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example showing that all of the third dummy films in the invention fomied in the image 
display area 10a are not necessarily formed. If the dummy storage capacitor 70P and so on do 
not exist, a step for the thickness thereof is caused. The step, however, is canceled by 
increasing the thickness of the interlayer insulating film that is the upper layer thereof, and 
implementing planarizing treatment for the film. 

[0162] The pad 406 is connected as one of the connection terminals 102 for extemal 
circuit of the embodiments. 

[0163] A method of manufacturing the electro-optical device according to the third 
embodiment will be described below referring to FIG. 22. FIG. 22 is a sectional view of a 
manufacturing process explaining processes from the formation of the pad 404P to the 
formation of the alignment film 16 in the order of events, in relation to the structure of FIG. 
13. The manufacturing method of the dummy scanning line 1 laP and so on is the same as 
that of the scanning line 11a and so on, the explanation thereof will be omitted. In FIG. 22, 
the manufacturing processes until the third interlayer insulating fihn 43 is formed have been 
completed. 

[0164] Referring to FIG. 22, the pad 404P is formed over the third interlayer 
insulating film 43 in step (1). For the pad 404P, for example, first, a metal film such as an 
aluminum fihn is deposited with the thickness of about 100 to 500 nm by sputtering. Then, 
patterning treatment (photolithography and etching processes) is implemented for the metal 
film to provide a given pattem thereto. Next, a precursor film composed of nitride titaniimi is 
deposited with the thickness of about 100 to 500 nm by sputtering. Then, patteming 
treatment is implemented for the precursor film to provide the same given pattem as that of 
the metal film to the precursor film. The given pattem is determined so that the capacitance 
wiring 400, the third relay electrode 402, and the pad 404P are accordingly formed when 
viewing the third interlayer insulating film 43 fi"om above (refer to FIGs. 1, 5, and 7). In this 
case, the patteming treatment is implemented so that the capacitance wiring 400 and so on 
and the pad 404P are electrically isolated fi"om each other. There is no need to implement the 
patteming treatment separately for the metal film composed of aluminum and so on, and the 
precursor film composed of nitride titanium. The patteming treatment for the both films may 
be implemented at the same time. 

[0165] Next, a precursor film 44 IZ of the fourth interlayer insulating film 441 is 
formed over the pad 404P in step 22 (2). Specifically, for example, the precursor film 44 IZ 
is formed by normal or vacuum pressiu-e CVD employing a TEOS (tetra ethyl ortho silicate) 
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gas, a TEB (tetra ethyl boatrate) gas, a TMOP (tetra methyl oxy phosrate) gas, or the like. 
The precursor film 441Z is formed of a film of silicate glass such as NSG (non-doped silicate 
glass), PSG (phosphosilicate glass), BSG (borosilicate glass), and BPSG (borophosphosilicate 
glass), a nitride silicon film, and an oxide silicon film for example. The thickness of the 
precursor film 44 IZ needs to exceed the thickness of the pad 404? at the very least. 
Specifically, the thickness is preferably about 1000 to 2000 nm. 

[0166] Then, in step 22 (3), CMP treatment is implemented for the surface of the 
precursor fihn 441Z. The CMP treatment is a technique for planarizing a surface. In the 
CMP treatment, a surface of a treated substrate is polished utilizing combination of 
mechanical work and chemical work by bringing the surface of the treated substrate into 
contact with a , surface of a polishing cloth (pad) with rotating both of the treated substrate and 
the polishing cloth, and supplying a polishing liquid (slurry) including a silica particle and the 
like to the contact part. In the present embodiment, the "treated substrate" corresponds to a 
feature having a structure shown in step (2) of FIG. 22. 

[0167] In the embodiment especially, such CMP treatment is implemented imtil the 
surface of the pad 404P is exposed as shown in step (3) of FIG. 22. Namely, the pad 404P is 
utilized for detection of ending point of the CMP treatment. Specifically, a method can be 
adopted where a part corresponding to the formation area of the pad 404P is monitored with 
an appropriate imaging way and so on, while the CMP treatment is finished at the instant 
when the imaging way captures the surface of the pad 404P. 

[0168] Another various methods are also available. In any case, the precursor film 
441Z is polished to the extent that the fourth interlayer insulating fihn 441 becomes coplanar 
with the pad 404P by implementing the CMP treatment (refer to dashed line in the drawing). 
This enables a structure where the fourth interlayer insulating film 441 is left only at sides of 
the pad 404P to be easily manufactured. 

[0169] In step 22 (4), a polyimide coating liquid of the alignment film 16 is applied 
on the fourth interlayer insulating film 441 and the pad 404P so as to be annealed, and then 
rubbing is implemented therefor in a given direction so that the alignment film 16 has a given 
pretilt angle, and thereby the alignment film 16 is formed. In the embodiment, the possibility 
that shavings of the alignment film 1 6 are generated when rubbing is implemented for the 
alignment film 16 is extremely reduced since concavity and convexity are not formed in the 
alignment film 16. Thus, in the electro-optical device manufactured through steps (1) to (4) 
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of FIG. 22, the deterioration of image quality due to the shavings entering the image display 
area 10a is hardly caused such that extremely high quality images can be displayed. 

[0170] In the above, the manufacturing method of the electro-optical device of the 
third embodiment shown in FIGs. 12 and 13, particularly that of the connection terminals 
102B for extemal circuit has been described. Besides, the same method can also be applied 
to the electro-optical device and the connection terminal for extemal circuit according to 
another embodiments. For example, with regard to the electro-optical device and the 
coimection terminals 102 for extemal circuit according to the first embodiment, steps (1) and 
(2) of FIG. 22 are equally applied thereto, and instead of step (3) of FIG. 22, the opening 44H 
is formed by implementing dry etching such as reactive ion etching and reactive ion beam 
etching and so on for the fourth interlayer insulating film 44 (although it is the precursor film 
441Z in step (2), the fourth interlayer insulating film 44 corresponds to the precursor film 
441Z in the electro-optical device of the first embodiment directly). On this occasion, wet 
etching is implemented for adjusting the opening shape of the opening 44H as described 
above. Then, the same CMP treatment as above is implemented for the fourth interlayer 
insulating film 44 where the opening 44H has been formed, and thereafter the alignment film 
16 is formed. As a result, the electro-optical device and the connection terminals 102 for 
extemal circuit of the first embodiment are manufactured. 

[0171] With regard to an embodiment of a projection color display that is one 
example of electronic apparatuses using the electro-optical device described above in detail as 
a light valve, the whole structure thereof, particularly optical stracture thereof will be 
described. FIG. 23 is a sectional view graphically showing a projection color display. 

[0172] Referring to FIG. 23, in a liquid crystal projector 1 100 that is one example of 
a projection color display of the embodiment, three liquid crystal modules including a liquid 
crystal device where a driver is moimted on a TFT array substrate are provided, and each of 
modulus is used as light valves lOOR, lOOG, and lOOB for RGB display. In the liquid crystal 
projector 1 100, when projected light is emitted firom a lamp unit 1 102 that is a white light 
source, such as a metal halide lamp, the projected light is divided into light components R, G 
and B corresponding to three primary colors of RGB by three mirrors 1 106 and two dichroic 
mirrors 1 108 so as to be lead to each of light valves lOOR, lOOG, and lOOB corresponding to 
each color. Particularly, the light B is lead through a relay lens system 1121 including an 
entrance lens 1 122, a relay lens 1 123, and an end lens 1 124 in order to avoid optical loss due 
to the long optical path. The light components corresponding to three primary colors that 
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each have been modulated by the light valves lOOR, lOOG, and lOOB are combined again by a 
dichroic prism 1 1 12 so as to be projected to a screen 1 120 through a projection lens 1 1 14 as a 
color image. Furthermore, the above electro-optical device can also be applied to electro- 
optical devices such as an electrophoresis apparatus like an electronic paper and an EL 
(Electro-Luminescence) display, other than a liquid crystal device. 

[0173] It should be understood that the present invention is not limited to the above 
embodiments, but that various modifications can be made without departing fi"om the scope 
and spirit of the invention that are read out through the whole of claims and specification. An 
electro-optical device, a method of manufacturing the same, and an electronic apparatus with 
such a modification are also included in technical scope of the invention. 

[0174] Further, while this invention has been described in conjunction with the 
specific embodiments thereof, it is evident that many alternatives, modifications and 
variations will be apparent to those skilled in the art. Accordingly, preferred embodiments of 
the invention as set forth herein are intended to be illustrative, not limiting. There are 
changes that may be made without departing firom the spirit and scope of the invention. 



